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NOTICE AND DISCLAIMER

The information in this publication was considered technically sound by the consensus of persons
engaged in the development and approval of the document at the time it was developed.
Consensus does not necessarily mean that there is unanimous agreement among every person
participating in the development of this document.

The National Electrical Manufacturers Association (NEMA) Standards and guideline publications, of
which the document contained herein is one, are developed through a voluntary corsensus
Standards development process. This process brings together volunteers and/or seekz out the
views of persons who have an interest in the topic covered by this publication. While NE. 1A
administers the process and establishes rules to promote fairness in the developmeit of
consensus, it does not write the document and it does not independently test, ev>lua.>, mi verify
the accuracy or completeness of any information or the soundness of any judgments contained in
its Standards and guideline publications.

NEMA disclaims liability for any personal injury, property, or other damage:. of any nature
whatsoever, whether special, indirect, consequential, or compensatcy, vuirectly or indirectly
resulting from the publication, use of, application, or reliance on t»is ac-ument. NEMA disclaims
and makes no guaranty or warranty, expressed or implied, as to the accuracy or completeness of
any information published herein, and disclaims and makes_no rvarranty that the information in this
document will fulfill any of your particular purposes or necd: .. NEMA does not undertake to
guarantee the performance of any individual manufacturer v/ se.'er’s products or services by virtue
of this Standard or guide.

In publishing and making this document available -MEW*A 1s not undertaking to render professional
or other services for or on behalf of any person c¢* enrity, nor is NEMA undertaking to perform any
duty owed by any person or entity to someone elsc. Anyone using this document should rely on
his or her own independent judgment or, as appropriate, seek the advice of a competent
professional in determining the exercice of reasonable care in any given circumstances.
Information and other Standards on t~a ‘op.c covered by this publication may be available from
other sources, which the user may w.h 1 consult for additional views or information not covered
by this publication.

NEMA has no power, nor ¢nes it undertake to police or enforce compliance with the contents of
this document. NEMA due: nou certify, test, or inspect products, designs, or installations for safety
or health purposes. An, cer.ification or other statement of compliance with any health or safety-
related information > this document shall not be attributable to NEMA and is solely the
responsibility of t"ie «eruiier or maker of the statement.
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Preamble

This is one of a series of test Standards developed by the medical diagnostic imaging industry for the
measurement of performance parameters governing image quality of magnetic resonance (MR) imaging
(MRI) systems. These test Standards are intended for the use of equipment manufacturers, prospective
purchasers, and users alike.

Manufacturers are permitted to use these Standards for the determination of system performance
specifications. This standardization of performance specifications is of benefit to the prospective
equipment purchaser, and the parameters supplied with each NEMA measurement serve as a guia. to
those factors that can influence the measurement. These Standards can also serve as reference
procedures for acceptance testing and periodic quality assurance.

It must be recognized, however, that not all test Standards lend themselves to measure ment at the
installation site. Some test Standards require instrumentation better suited to factory measurements,
while others require the facilities of an instrumentation laboratory to assure stable tcst cor ditions
necessary for reliable measurements.

The NEMA test procedures are carried out using the normal clinical operating moude of the system. For
example, Standard calibration procedures, Standard clinical sequence;: and Standard reconstruction
processes shall be used. No modifications to alter test results shall L» u2~d unless otherwise specified in
these Standards.

The NEMA Magnetic Resonance Section has identified a sc* ot :-ey magnetic resonance image quality
parameters. This Standards publication describes the mzusui »ment of one of these parameters.

Equivalence

It is intended and expected that manufacturers .x.0 hers who claim compliance with these NEMA
Standard test procedures for the determinativ.> 6 imiage quality parameters shall have carried out the
tests in accordance with the procedures sber.ifiea in the published Standards.

In those cases where it is impossible »r noractical to follow the literal prescription of a NEMA test
procedure, a complete description of a1y deviation from the published procedure must be included with
any measurement claimed equ’va’znt to the NEMA Standard. The validity or equivalence of the modified
procedure will be determinec: by rhe reader.

Uncertainty of the Mei<su, 2ments
The measuremen*tincerta.ty of the image quality parameter determined using this Standards publication

is to be repcrtec togother with the value of the parameter. Justification for the claimed uncertainty limits
shall also be L. ovi''ed by a listing and discussion of sources and magnitudes of error.

© 2021 National Electrical Manufacturers Association.
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Foreword

This Standards publication is classified as a NEMA Standard unless otherwise noted. It is intended for
use by MRI system manufacturers, manufacturers of accessory equipment (including radio-frequency
coils), and by MRI end users.

The purpose of this Standards publication is to provide a Standard procedure for measuring and reporting
image-intensity uniformity in an MRI system.

Image uniformity refers to the ability of an MR imaging system to produce an identical signal respo.:se
throughout the scanned volume when the object being imaged is homogenous. Image-intensity i on-
uniformity in a two-dimensional MR image of a uniform test object can be caused by a number cf factors,
including RF coil geometry and penetration, non-uniformity of the transmitted RF field (B1 nor-uni xrmity),
inhomogeneity of the static magnetic field (Bo non-uniformity), inadequacies in gradient pu: e cc'ibration
or eddy current corrections, and spatial positioning of the phantom.

Image uniformity is quantified here in terms of the deviation of the image pixel intensiins from the
midrange value. The analysis of uniformity shall be performed over the region of in.2rest hat is typically
occupied by clinical samples and not over the full available volume of the RF cou.

This Standards publication has been developed by the Magnetic Resonance Se_tion of the National
Electrical Manufacturers Association. User needs have been consider:d throughout the development of
this publication. Proposed or recommended revisions should be subi» (¢ to:

Vice President, Engineering Department
National Electrical Manufacturers Association
1300 North 17th Street, Suite 900

Rosslyn, VA 22209

Section approval of the Standard does not necess arily imply that all section Members voted for its
approval or participated in its development. At i \a.t.me it was approved, the section was composed of the
following Members:

Computer Imaging Reference Tvs.xms—Norfolk, VA
GE Healthcare, Inc.—Milwau.-ee, WI

Hitachi Medical Systems A.2al'ca, Inc.—Twinsburg, OH
Invivo—Gainesville, Fl

Philips Healthcare— Anc aver, MA

Siemens Medical Sc::itions, Inc.—Malvern, PA

Toshiba America M 2dical Systems—Tustin, CA
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Rationale

This Standard measure image non-uniformity (see 1.3) to characterize the low spatial frequency non-
uniformities typical of MR images. It is important to quantify image non-uniformity because it alters image
contrast.

Various factors influence MR image non-uniformity such as B1 non-uniformity (both in transmit and
receive), quality of BO shim, geometric distortion, etc. Various techniques exist to correct for some “arms
of image non uniformity such as RF receive coil correction algorithms.

The use of geometric distortion correction algorithms and image uniformity correction algorithms Ic
becoming increasingly common, and in some situations necessary. Both types of correctio s wi.' ~uter
image uniformity results reported in this Standard. While it was the original intent of this Standard to
characterize the coil without these corrections, it is also the intent of the Standard to te<' the coil under
typical clinical conditions. Therefore, the results will be reported both ways where noscih 2,

This Standard characterizes image non-uniformity qualitatively with a gray-scale vniformity map and
guantitatively with simple figures of merit that analyze the range of pixel in.2asit »s relative to some
measure of the average image intensity.

Scope

This document defines a method for measuring image-uhiformiy performance of diagnostic magnetic
resonance imaging systems using single channel volume ~0i.s and performing proton imaging. This
document does not address the use of surface coils, chemical shift imaging, or spectroscopy.

Image uniformity can be characterized in a numaer »f different ways. The choice of a measurement and
reporting method was guided by a desire fer<uny licity, accuracy, and ease of implementation on all MR
systems. The peak deviation method<epr 2sen’s a single image test that can quickly determine and report
uniformity with a single number. It worke best with very high SNR images. The gray-scale uniformity map
image represents a single image test (hat can visually describe image uniformity. Both the ACR MR
Accreditation Procedure method-~nu 2 Normalized Absolute Average Deviation method resolve some
of the image SNR issues of the pza': deviation method.

Measurements are mad< ~ve. a volume that is representative of the region used for typical clinical
studies. Due to the diffi ulty ‘'n handling large phantoms, it is permitted to use a test phantom that only
covers 85% of the specific 1tion area.

This document ac es riot address the use of special purpose coils (see MS 6) or coils that require multiple
receiver channc's tur operation (see MS 9).
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